Specific recognition of the 3'-terminal adenosine of tRNAPhe in the exit site of Escherichia coli ribosomes.
Ribosomes from Escherichia coli possess, in addition to A and P sites, a third tRNA binding site, which according to its presumed function in tRNA release during translocation has been termed the exit site. The exit site exhibits a remarkable specificity for deacylated tRNA; charged tRNA, e.g. N-AcPhe-tRNAPhe, is not bound significantly. To determine the molecular basis of this discrimination, we have measured the exit site binding affinities of a number of derivatives of tRNAPhe from E. coli, modified at the 3' end. Binding to the exit site of the tRNAPhe derivatives was measured fluorimetrically by competition with a fluorescent tRNAPhe derivative. We show here that removal of the 2' and 3' hydroxyl groups of the 3'-terminal adenosine decreases the affinity of tRNAPhe for the exit site 15 and 40-fold, respectively. Substitutions at the 3' hydroxyl group (aminoacylation, phosphorylation, cytidylation) as well as removal of the 3'-terminal adenosine (or adenylate) of tRNAPhe lower the affinity below the detection limit of 2 x 10(5) M-1, i.e. more than 100-fold. Modification of the adenine moiety (1,N6-etheno adenine) or replacement of it with other bases (cytosine, guanine) has the same dramatic effect. In contrast, the binding to both P and A sites is virtually unaffected by all of the modifications tested. These results suggest that a major fraction (at least -12 kJ/mol, probably about -17 kJ/mol) of the free energy of exit site binding of tRNAPhe (-42 kJ/mol at 20 mM-Mg2+) is contributed by the binding of the 3'-terminal adenine to the ribosome. The binding most likely entails the formation of hydrogen bonds.